SUMMARY A suspension of Staphylococcus aureus deposited on the skin was much more effectively removed by soap-and-water washing when it had been spread and allowed to dry (mean survival 2 %) than when it had been rubbed on to the skin (mean survival 29 9 %); when antiseptics (70% ethyl alcohol, Hibiscrub without added water) were used, there was no difference between their action against bacteria dried on and bacteria rubbed on to the skin; both of these methods, and especially alcohol, were more effective than soap and water. When a detergent-disinfectant method (washing with Hibiscrub and water) was used, there was a significantly greater effect against rubbedon than against dried-on bacteria; soap and water was slightly more effective than Hibiscrub and water against the latter. The need to reappraise methods of reducing transient skin flora in 'hygienic' hand cleansing and the tests used for this purpose are discussed.
Microorganisms that are deposited on the skin but do not colonise it are commonly called transient flora to distinguish them from the resident skin flora (Price, 1938; Lowbury et al., , 1964 . The important medical distinction between resident and transient bacteria lies in the much greater ease of removal of the latter by washing with soap and water and by disinfection with antiseptics (Lowbury et al., , 1964 . Unless or until they become established among the resident flora, bacteria deposited on the skin must be regarded as transients, and preventing the transfer of bacteria from one patient to another on the hands of nurses, doctors, physiotherapists, and others who handle patients is thus seen to depend mainly on the effective removal of such transients from the skin soon after they are acquired. The standard of cleansing or disinfection generally considered adequate for this purpose (hygienic skin cleansing and disinfection) is therefore less exacting than the standards required for members of the scrubbed surgical team, who are expected to use methods effective against the resident flora (surgical skin cleansing and disinfection).
Methods of skin cleansing and disinfection are commonly tested for their effectiveness against transient bacteria in the following way. Bacterial
Received for publication 28 February 1978 suspensions are spread on the skin and allowed to dry, and the numbers of bacteria in such dried films before and after detergent cleansing or disinfection of the skin are compared (Gardner and Seddon, 1946; Story, 1952; Lowbury et al., , 1964 Rotter et al., 1974) . But the effectiveness of cleansing and disinfection against the transient flora is likely to vary with the pressure used and the length of time over which the bacteria were deposited. This view is supported by the fact that organisms that are sometimes present on healthy skin, though unlikely to multiply there (eg, Clostridium welchii and various Enterobacteria), have been found more difficult to remove by washing and disinfection than are those that have been deliberately spread and allowed to dry on the skin (Ayliffe and Lowbury, 1969; Ayliffe et al., 1975) .
In this paper we assess the effectiveness of different methods of cleansing and disinfection against bacteria deposited on the skin with friction ('rubbed on') compared with their effectiveness against the same bacteria spread and allowed to dry ('dried on'). . Viable counts of staphylococcal colonies on horse blood agar were obtained from these sampling fluids by the drop-counting method of Miles and Misra (1938) .
In the analysis, counts from corresponding fingers of the two hands were added together. Separate experiments were made on fingers that had been and had not been disinfected after deposition of bacterial suspensions.
Results Table 1 shows the mean percentage survival on fingertips of the deposited bacteria after cleansing and disinfection, as judged by the mean counts of presumptive Staph. aureus in samplings taken after deposition of bacteria and, in separate experiments, in samplings taken after deposition of bacteria followed by cleansing or disinfection. With the soap and water wash, the mean survival was about 30(% when the bacteria had been rubbed on to the skin, but only 2 % when they had been allowed to dry on the surface. By contrast, there was no difference in the proportions of staphylococci deposited in these two ways that survived alcohol disinfection (0 3 %), and these were considerably lower than the proportions that survived soap and water washing, whether they had been deposited by drying on or by rubbing on. Hibiscrub and water was more effective against bacteria rubbed on (mean survival 11 %) than against bacteria dried on (mean survival 5 9y%).
This seemingly paradoxical result might have been due to dilution of the chlorhexidine by added water, Hibiscrub; no added water *M!ean of combined counts from right and left fingers in 4 subjects; '1st fingers' = index fingers of both hands which was likely to have a greater effect when the deposited bacteria were lying on the surface than when they were rubbed into the horny layer. To test this hypothesis, we made an experiment using Hibiscrub without added water; the result, which showed a slightly greater survival of bacteria that had been rubbed on than of those that had been allowed to dry on the surface, was consistent with the hypothesis. Table 2 shows the mean log reduction (that is, mean of log pre-treatment counts minus mean of log post-treatment counts) calculated from the counts of deposited bacteria recovered from fingertips. From these it was shown that the reduction of dried-on bacteria was significantly greater than that of rubbed-on bacteria when soap and water was used. With Hibiscrub and water, there was a significantly greater reduction of rubbed-on than of dried-on bacteria. When alcohol or Hibiscrub without added water was used, there was no significant difference in the reduction obtained on bacteria deposited by the two methods. Table 3 shows the results of significance testing for differences between the different methods of cleansing and disinfection. There was no significant difference between soap and water and Hibiscrub with water when the bacteria were dried on, or between Hibiscrub with water and Hibiscrub with no added water when the bacteria were rubbed on. All the other comparisons showed significant differences.
Discussion
These studies showed that suspensions of Staph. aureus deposited on the skin were much more resistant to the effects of a soap-and-water wash when rubbed on to the skin than when spread on and allowed to dry. No such difference was detected on chemical disinfection of the artificially contaminated skin with 70% ethyl alcohol or with 4% chlorhexidine detergent solution (Hibiscrub) without addition of water during the treatment; with the addition of water to obtain detergent cleansing, Hibiscrub was less effective against dried-on than against rubbed-on bacteria. Hibiscrub with water was significantly less effective against dried-on bacteria than was a wash with soap and water; the result is in striking contrast with the good effects of Hibiscrub and the poor effects of soap and water against rubbed-on bacteria and against the resident skin flora (Lowbury and Lilly, 1973) . In the use of a detergent disinfectant preparation, such as Hibiscrub, conditions which were optimal for detergent cleansing cancelled the effects of the disinfectant component against superficial transient bacteria.
In the assessment of methods for the removal of transient bacteria, the difference between results that might be expected with detergents, though not with antiseptics, against bacteria applied in different ways, must be borne in mind; so must the complex and, to some extent, incompatible effects of combined disinfectant-detergent action against these Table 2 Mean log reduction factors (log pre-treatment count minus log post-treatment count) Treatment 
